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The Avalon Elite Bi-caval Dual Lumen cannula was designed for placement in the right internal jugular
vein for veno-venous double lumen extracorporeal membrane oxygenation (VVDL ECMO). Despite the
use of echocardiography, it is often difﬁcult to correctly position the VVDL cannula in neonates due to
patient size and anatomy. Cannula malposition may contribute to inadequate hemodynamic support
necessitating conversion to veno-arterial (V-A) support. We report a case of successful conversion from
VVDL ECMO to V-A ECMO using the 13-French Avalon cannula in a neonate. This case demonstrates that
the 13 French-Avalon Elite Bi-caval Dual Lumen Cannula can be safely used as a venous cannula in ne-
onates requiring conversion to V-A ECMO.
 2014 The Authors. Published by Elsevier Inc. All rights reserved.The Avalon Elite Bicaval Dual Lumen catheter was designed for
percutaneous placement in the right internal jugular vein for VVDL
ECMO. However, it is often difﬁcult to correctly position the VVDL
cannula in neonates and conversion from VVDL ECMO to V-A ECMO
is sometimes necessary. Conversion requires a second operation,
putting the patient at additional risk of infection, bleeding, or death.
Previously, it was not known whether the 13-French Avalon Elite
Bi-caval Dual Lumen Cannula could be used in the conversion from
VeV ECMO to V-A ECMO. This case illustrates the use of this Avalon
cannula as a venous cannula in neonates requiring conversion to
V-A ECMO.1. Case report
A 3-day-old female singleton born at 41 weeks gestation
developed severe pulmonary hypertension secondary toBY-NC-ND license (http://
Boulevard, Department of
el.: þ1 2674322681.
is@gmail.com (K. Kovatis).
Published by Elsevier Inc. All righmeconium aspiration syndrome (MAS) and was placed on VVDL
ECMO using a 13-French Avalon cannula under echocardiogram
guidance. The correct cannula positionwithin the superior venous
cava (SVC), right atrium, and inferior venous cava (IVC) was
visualized and conﬁrmed by echocardiogram and chest radio-
graph (Fig. 1). The ECMO ﬂow was increased without issue to
65 mL/kg/min. After adequate ﬂow was established, the neck roll
that was placed to hyperextend the patient’s neck during can-
nulation was removed. This resulted in an acute decrease in
venous return and cavitation of air within the circuit approxi-
mately 30 min after the completion of the cannulation. An
emergency circuit change was performed. An echocardiogramwas
obtained and demonstrated that the tip of the cannula had
migrated from the IVC into the hepatic vein (Fig. 2). Following the
circuit change, multiple unsuccessful attempts were made to
orient the head into a physiologic position that allowed adequate
ECMO ﬂow and correct position of the Avalon cannula. The
neonate continued to be unstable on ECMO and after struggling to
maintain support for 24 h, it was decided to convert the neonate
to V-A ECMO. However, the consensus by the medical team was
that the infant would not tolerate a traditional conversion to V-A
ECMO in which an arterial cannula is placed and the venousts reserved.
Fig. 1. Echocardiogramwith Doppler demonstrating the Avalon cannula in the SVC, RA,
and IVC with the return lumen directed toward the tricuspid valve. Note the close
proximity of the hepatic vein.
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pulled back to the right atrium and used exclusively as the venous
cannula. A “Y” connector was placed at the end of the two Avalon
lumens and a 10-French arterial cannula was placed into the
carotid artery (Fig. 3). The patient tolerated the procedure well
and adequate ﬂow through the circuit was achieved. There were
no issues with the venous drainage through the arterial lumen of
the 13-French Avalon cannula for the duration of the ECMO
course. The baby was successfully decannulated after an 8 day
course and has been discharged home.Fig. 3. Conversion from VeV ECMO to V-A ECMO with the Avalon bicaval dual lumen
cannula.2. Discussion
The Avalon Elite Bicaval Dual Lumen catheter was designed for
percutaneous placement in the right internal jugular vein for
VVDL ECMO. Lazar et al. published the ﬁrst report of the use of the
Bi-Caval dual lumen Avalon catheter in neonates and found that it
can safely be used in neonates with minimal complications [1].
One lumen drains deoxygenated blood from the vena cava
through a distal opening in the inferior vena cava and proximal
opening in the superior vena cava. The second lumen infuses
oxygenated blood into the right atrium and across the tricuspid
valve [2]. A conversion from VVDL ECMO to V-A ECMO can beFig. 2. Echocardiogram demonstrating the Avalon cannula in the hepatic vein.accomplished with the Avalon cannula by connecting the lumens
with a y-connector and using both lumens exclusively for venous
drainage of the ECMO circuit. The circuit is completed by placing
an arterial cannula into the right carotid artery.
To our knowledge, Bacchetta et al. is the only published report
of converting from VVDL ECMO to V-A ECMO using the Avalon
cannula [2]. This case series was in adults and there are no
published cases describing this conversion within the pediatric
population. At our institution, there have been four cases in
which pediatric patients were converted from VVDL ECMO to V-A
ECMO with the Avalon catheter. However, this is the ﬁrst case in
which a neonate was converted from VVDL ECMO to V-A ECMO
using the 13-French Avalon cannula. The 13-French Avalon can-
nula is the smallest available cannula and is often used in
neonates.
ECMO is often necessary to treat infants with severe cardiac
and respiratory failure unresponsive to conventional therapy [3].
It is associated with many complications, including bleeding,
infection and circuit malfunction. Cannula malposition accounts
for approximately 10% of complications recorded in the Extra-
corporeal Life support Organization Registry [3]. The ability to
oxygenate and hemodynamically support a patient is dependent
on the correct placement of large-bore cannulas in and around the
heart. Cannula malposition often requires a second operation,
putting the patient at additional risk for infection, bleeding, or
death [4].
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placement and plays a fundamental role in the correct position
of the ECMO cannula [5]. The manufacturers of the Avalon
cannula recommend either ﬂuoroscopy or echocardiography for
conﬁrmation of correct placement of the cannula. At our institu-
tion, echocardiogram is the visualization modality of choice as it is
reliable and portable, and because it can be used to conﬁrm both
the position and function of the Avalon cannula. In VVDL ECMO,
the ideal placement of the access lumen of the cannula is in the
IVC and the SVC. The ideal placement of the return lumen of the
cannula is in the mid right atrium, toward the tricuspid valve.
Cannula malposition can result in vascular or cardiac injury and
inadequate ﬂows. Kuenzler et al. published a review article that
reviewed the utility of echocardiography during ECMO cannula-
tion and found that the rate of malpositioned cannulas that were
placed with ECHO guidance was signiﬁcantly less than the rate of
malpositioned cannulas that were blindly placed [6]. Additionally,
Irish et al. and Thomas et al. demonstrated that echocardiography
is better able to identify malpositioned cannulas than chest ra-
diographs [4,7].
As seen in our case, it may not always be possible to correctly
place the 13-French VVDL cannula to achieve adequate ﬂow and gas
exchange without recirculation despite the use of echocardiogra-
phy. In this case, and in cases in which a neonate initially placed on
VVDL ECMO requires cardiovascular support, converting to V-A
ECMO may be necessary. The Avalon cannula provides an oppor-
tunity to accomplish this conversion by adding a cannula rather
than removing the existing cannula and placing new arterial and
venous cannulas. This type of conversion limits patient exposure to
periods without support by maintaining VVDL ECMO until the
arterial cannula is placed. While this type of conversion may be
technically feasible with other VV cannulas (e.g. the wire reinforced
Origen 13-French cannula and the Marquet cannula), this has not
been previously reported in the literature. We demonstrate the safe
conversion from VVDL ECMO to V-A ECMO using the 13-French
Avalon cannula in a tenuous infant who was not stable with
attempted VVDL ECMO support.3. Conclusion
Malposition of the Avalon double lumen cannula may result in
inadequate ﬂow and gas exchange. This is the ﬁrst published case
of converting from VVDL ECMO to V-A ECMO using the 13-French
Avalon Elite Bi-caval Dual Lumen Cannula in a neonate. The 13-
French Avalon cannula may be used as a venous cannula in neo-
nates requiring conversion to V-A ECMO.
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